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Abstract 
An aggregate index is potentially useful to represent neighbourhood obesogenicity. 
We created a conceptually-based obesogenicity index and examined its association with 
body mass index (BMI) among 3,786 women (age 18-45y) in socio-economically 
disadvantaged neighbourhoods in Victoria, Australia. The index included 3 items from 
each of 3 domains: food resources (supermarkets, green grocers, fast food restaurants), 
recreational activity resources (gyms, pools, park space), and walkability (4+ leg 
intersections, neighbourhood walking environment, neighbourhood safety), with a 
possible range from 0-18 reflecting 0-2 for each of the 9 items. Using generalized 
estimating equations, neighbourhood obesogenicity was not associated with BMI in the 
overall sample.  However, stratified analyses revealed generally positive associations 
with BMI in urban areas and inverse associations in rural areas (interaction p=0.02). 
These analyses are a first step towards combining neighbourhood characteristics into 
an aggregate obesogenicity index that is transparent enough to be adopted elsewhere 
and to allow examination of the relevance of its specific components in different 
settings. 
 
Highlights 
- We created an obesogenicity index to quantify neighbourhood obesogenicity. 
- The index was designed to cover 3 domains: food/activity resources and walkability. 
- The index was not associated with BMI in the sample as a whole, but it was 
differently associated with BMI in urban vs. rural areas. 
- An aggregate index may be useful but should be transparent to allow evaluation of 
its applicability in different settings.  
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Obesogenicity with respect to energy expenditure can be divided conceptually into 
supports/barriers to recreational physical activity and active transport. Research on 
recreational activity suggests the importance of access to resources such as parks, gyms, 
and pools (Gordon-Larsen et al., 2006; Mobley et al., 2006), although associations with 
obesity are less clear (Black and Macinko, 2008; Feng et al., 2009). An extensive 
literature has also examined a wide range of measures representing what Feng et al. 
(Feng et al., 2009) term the ‘land use and transportation environment’ as it relates to 
walking and other forms of active transport (e.g., cycling). Associations with physical 
activity or obesity risk have been observed for land use mix (Bodea et al., 2008; Frank et 
al., 2004; Li et al., 2008; Mobley et al., 2006; Sarkar et al., 2013), street connectivity 
(Frank et al., 2004; Frank et al., 2008; Grafova et al., 2008; Scott et al., 2007; Spence et 
al., 2008), and walkability (Boehmer et al., 2007; Doyle et al., 2006; Frank et al., 2007; 
Frank et al., 2006; Michael et al., 2013; Spence et al., 2008). Perceived safety is an 
additional characteristic that could affect walking behaviour and obesity risk (Lumeng 
et al., 2006), particularly in socioeconomically disadvantaged areas (Lovasi et al., 2009). 
While most previous studies have examined potentially obesogenic characteristics 
of the built environment as single factors, in reality these characteristics co-occur in the 
same neighbourhood and can have similar or opposing effects with respect to obesity 
risk (Wall et al., 2012). For example, a neighbourhood with a large number of fast food 
restaurants might be structured to encourage active transport through interconnected 
streets and walkable destinations. Evaluating neighbourhoods using a single aggregate 
index is a potentially useful way to represent the overall obesogenicity of an 
environment, and to quantify the association of a neighbourhood’s obesogenicity with 
its residents’ obesity risk. 
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The objectives of this analysis were: (1) to create a conceptually based index of 
obesogenicity representing neighbourhood characteristics thought to be related to 
individual risk for adiposity, and (2) to examine its association with body mass index 
(BMI), both cross-sectionally at baseline and longitudinally at a 3-year follow-up, among 
women who participated in the Resilience for Eating and Activity Despite Inequality 
(READI) study, conducted in socio-economically disadvantaged neighbourhoods, both 
urban and rural, across Victoria, Australia. 
 
Methods 
Study sample 
The READI cohort was established in 2007 to investigate personal, social, and 
structural pathways influencing obesity-related behaviours and resilience to obesity 
risk among women and children in the context of socioeconomic disadvantage. READI 
study methods are described in detail elsewhere (Ball et al., 2012). In brief, 40 urban 
and 40 rural suburbs in Victoria, Australia were randomly selected from among 112 
urban and 661 rural suburbs in the bottom third of the Index of Relative Socioeconomic 
Disadvantage, a widely-used area-level indicator of disadvantage developed by the 
Australian Bureau of Statistics based on a variety of Census-derived socio-economic 
variables including income, education, employment, occupation, and housing 
(Australian Bureau of Statistics, 2008). Urban and rural suburbs were defined according 
to the Australian Regional Infrastructure Development Fund Act 1999 (Version No. 
003). Urban areas included metropolitan Melbourne, other Victorian (rural) cities with 
a population of at least 20 000 (Geelong, Traralgon, Ballarat, Bendigo), and all surburbs 
completely within a 10km radius of rural cities’ centroids (Warrnambool, Wodonga). 
Rural areas were those falling outside metropolitan Melbourne and outside a 25km 
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radius of other Victorian cities.  
As registration on the electoral roll is compulsory in Australia, the electoral roll was 
then used to identify a random sample of 150 women aged 18–45 years from each of 
the 80 suburbs (n=11,940, since some suburbs had <150 eligible women).  Of the 
recruited women, 41% (n=4,934) replied to a postal invitation to complete a 
questionnaire.  Compared with non-respondents, respondents were more likely to 
reside in rural suburbs (54% vs 48%) and in suburbs of less area-level socioeconomic 
disadvantage (mean Index of Relative Socioeconomic Disadvantage score 948.3 vs. 
938.0) (Ball et al., 2012). 
Analyses excluded respondents who moved from the sampled neighbourhood 
before completing the survey (n=571), whose household addresses could not be 
geocoded (n=14), who were found to be outside of the eligible age range (n=9), who 
were not the intended participant (n=3), or who withdrew their data after completing 
the survey (n=2), leaving 4,335 participants. We further excluded participants who 
reported pregnancy at baseline (n=210), did not provide height or weight at baseline 
(n=254), or were of unknown age (n=48), resulting in a baseline sample of 3,823.  
Analyses were subsequently limited to n=3,786 with complete data for all covariates 
(see below). 
Of 3,786 women included in baseline analyses, 1,912 women completed a follow-up 
survey three years later (2010-2011). We excluded participants with no height or 
weight at follow-up (n=300), who reported pregnancy at follow-up (n=64), who were 
missing data on illness at follow-up (n=4), or whose change in BMI between baseline 
and follow-up was deemed unrealistic (>|15| kg/m2) (n=2), leaving a sample of 1,542 
for analyses on BMI at follow-up.  
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Data collection 
Individual-level variables. In postal questionnaires, women self-reported their age, 
weight (kg), height (m), country of birth, highest education level, marital status, number 
of children, employment status, household income, and perceptions of their 
neighbourhood physical and walking environment.  Although measurement error in 
self-reported height and weight is possible, previous work supports reasonable validity 
of these measures in Australian women (Burton et al., 2010).  
Neighbourhood walking environment was assessed using seven questions from a 
scale originally described by Mujahid et al. (Mujahid et al., 2007) (‘My neighbourhood 
offers many opportunities to be physically active,’ ‘Local sports clubs and other facilities 
in my neighbourhood offer many opportunities to get exercise,’ ‘It is pleasant to walk in 
my neighbourhood,’ ‘The trees in my neighbourhood provide enough shade,’ ‘In my 
neighbourhood it is easy to walk places,’ ‘I often see other people walking in my 
neighbourhood,’ ‘I often see other people exercising (e.g. jogging, bicycling, playing 
sports) in my neighbourhood’), with five possible responses for each ranging from 
‘Strongly disagree’ to ‘Strongly agree.’ Neighbourhood walking environment using this 
scale was associated with leisure time physical activity in a previous analysis in the 
READI cohort (Cleland et al., 2010a). Neighbourhood safety was assessed using three 
questions also developed by Mujahid et al. (Mujahid et al., 2007) (‘I feel safe walking in 
my neighbourhood, day or night,’ ‘Violence is not a problem in my neighbourhood,’ ‘My 
neighbourhood is safe from crime’).    
Neighbourhood-level variables.  Prior definitions of the residential environment 
have varied, with existing measures either focusing on the area immediately 
surrounding an individual’s residence within a specified buffer, or using 
administratively defined units. We used a combination of both based on available data 
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and the exposure variable of interest. Buffer sizes in previous studies vary considerably, 
ranging primarily between 0.5-2 miles (Feng et al., 2009). Where available, we used a 
geographic buffer of 2km (road network distance) to represent an accessible area 
around a participant’s home. In sensitivity analyses we also used 0.8 and 3km buffers. 
Other neighbourhood variables were based on data that were available only at the 
suburb level. 
Women’s home addresses and the locations of environmental facilities and 
resources of interest were geocoded in a geographic information system (ESRI, 2009, 
ArcGIS Version 9.3.1, ESRI, Redlands, CA, USA).  The number of different facilities within 
neighbourhoods and the proximity through the road network from participants’ homes 
to the various facilities were calculated (Thornton et al., 2011). Data on store locations 
were obtained from a variety of sources including company websites and business 
directories and were cleaned to remove duplicates. Chain supermarkets included any 
one of the following: Aldi; Bi-Lo; Coles; FoodWorks; IGA/IGA-Supa/IGA-Richies; 
Safeway/Woolworths. Greengrocers were identified as retail businesses that 
predominantly sell fresh fruit and vegetables. Fast food chains were identified as those 
having more than 100 outlets across Australia and included such stores as McDonald’s, 
Domino’s Pizza, Hungry Jack’s, KFC, and Subway.   
 
Development of obesogenicity index 
Selection of index items. We created an obesogenicity index based on nine items, 
with three items from each of three domains: food resources, recreational activity 
resources, and walkability. The three domains represented in our index correspond 
roughly to those described by Feng et al. (Feng et al., 2009): food, physical activity, and 
land use/transportation environments.  Coding and cutpoints used for the index items 
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as well as the distribution of scores for the obesogenicity index, obesogenicity with 
respect to food resources, recreational activity resources, and walkability, and for each 
of the nine items in the index are shown in Table 1. 
Food resources.  Food environment resources were represented by variables that 
have been relatively consistently associated with diet or obesity in previous studies 
(Feng et al., 2009; Giskes et al., 2011; Lovasi et al., 2009; Thornton and Kavanagh, 
2012): number of supermarkets, number of green grocers, and number of fast food 
restaurants. These were quantified within a 2km buffer of the participant’s home 
address.  Convenience and other grocery stores have not been consistently associated 
with diet or obesity (Feng et al., 2009; Giskes et al., 2011) and were not included. We 
used count data based on previous work showing lower obesity risk or prevalence with 
increased presence of supermarkets, but higher obesity prevalence with greater 
numbers of fast food restaurants (Lopez, 2007; Morland et al., 2006; Morland and 
Evenson, 2009).    
Recreational activity resources.  Previous studies have relatively consistently shown 
an association between obesity and access to physical activity facilities, although 
specific types of facilities vary across studies (Feng et al., 2009; Lovasi et al., 2009). For 
this index, recreational activity resources were represented by the number of gyms and 
number of pools within a 2km buffer of a participant’s home address, and square 
kilometres of park space in the neighbourhood, as these were thought to be the major 
resources for activity for an adult population in this region.     
Walkability.  Other built environment variables are aspects of land use or 
transportation that encourage or facilitate walking or other forms of active transport– 
for example, having a variety of destinations in a smaller geographic space; greater 
connectivity of street networks; or streets and structures designed with active 
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transport in mind. For this analysis, walkability was represented by the number of 4+ 
leg intersections within a 2km buffer of the participant’s home address, perceived 
neighbourhood walking environment, and perceived neighbourhood safety. Number of 
4+ leg intersections served as a measure of street connectivity (Hoehner et al., 2013; 
Sarkar et al., 2013; Thornton et al., 2011), found to affect obesity risk in some studies 
(Hoehner et al., 2013; Sarkar et al., 2013). Neighbourhood safety was included in our 
scale as this may have greater relevance to obesity risk in socioeconomically 
disadvantaged populations (Lovasi et al., 2009). Both neighborhood walking 
environment and neighbourhood safety were calculated as the average reported by all 
respondents in the same suburb, but excluded the individual respondent to avoid 
’same-source’ bias, which can lead to spurious associations – for example, if one 
resident reports higher neighbourhood walkability because she is physically active but 
not because of the actual walkability of the neighbourhood (Diez Roux, 2007). 
Item coding.  Each of the nine index items was coded as a three-category variable (0, 
1, or 2), with the highest score reflecting higher obesogenicity (see Table 1). The 
number of chain supermarkets, green grocers, fast food restaurants, gyms, and pools 
were coded so that one of the three categories represented absence of the resource 
(none within 2km buffer). For all of these except fast food restaurants, ‘presence’ was 
further subdivided into 1 or 2 within the 2km buffer.  Since relatively few participants 
lived in areas with only one fast food restaurant, presence of fast food restaurants was 
categorised as 1-2 or 3 in 2km buffer.  
Park space (km2) was available as a continuous variable at the neighbourhood level 
and categorised into approximate tertiles. For the number of 4+ leg intersections and 
neighbourhood walking environment score, the high obesogenicity category (i.e., fewest 
4+ leg intersections, lowest perceived walkability) was defined as the highest 20-30%, 
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with the remaining 70-80% distributed between two lower obesogenicity categories.  
Neighbourhood safety was categorised based on its bimodal distribution with a 
cutpoint at <3.15 and the remaining 60% distributed between two lower obesogenicity 
categories.  The three resulting sub-indexes (obesogenicity with respect to food 
resources, recreational activity resources, and walkability) each had a possible range 
from 0 to 6, and the combined obesogenicity score had a possible range from 0 to 18, 
with 18 representing the most obesogenic.  
We created an alternative obesogenicity score based on the nine items coded as 
dichotomous variables (0 or 1, with 1 representing higher obesogenicity), with a 
possible range from 0 to 9.  Five of the variables (supermarkets, green grocers, fast food, 
gyms, pools) were dichotomised as absence vs. presence, and for all others the two less 
obesogenic categories were combined.  We primarily present analyses based on the 
three-category coding, but stratified analyses were conducted using two-category 
variables in order to have sufficient numbers within each category. 
 
Statistical analyses 
In separate models, we assessed associations between baseline BMI and each of the 
following: total obesogenicity index score, obesogenicity with respect to food 
environment resources, recreational activity environment resources, and 
neighbourhood walkability, and each of the nine components of the index. In sensitivity 
analyses, total obesogenicity score was modelled as a continuous variable, 
dichotomised to consider the most and least obesogenic scores, and categorised in 
approximate quartiles and tertiles.  Individual index items were modelled as 3-category 
variables as described above.   
We used generalised estimating equations (GEE) to account for correlation resulting 
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from including women who reside in the same neighbourhood. All models adjusted for 
age at baseline. Potential confounders were included in the fully adjusted models if they 
were associated with baseline BMI (p<0.05). Thus, fully adjusted models also included 
country of birth (Australia, outside Australia), level of education (did not complete high 
school / completed high school, trade certificate, or diploma / completed tertiary 
education), urban/rural residence, and reporting a serious illness, long-term injury or 
disability that prevents physical activity at baseline (yes/no). Other variables that were 
evaluated and found not to be significantly associated with baseline BMI were marital 
status, employment status, number of children, smoking status, and menopausal status.     
Prior evidence suggests that urban and rural areas differ with respect to their 
environmental characteristics, and that these characteristics can influence risk of 
overweight differently between urban and rural neighbourhoods (Ahern et al., 2011; 
Cleland et al., 2010b; Cleland et al., 2014; Liu et al., 2007; Thornton et al., 2012). Thus, 
we additionally evaluated potential effect modification by urban/rural location by 
including an interaction between urban/rural category and the obesogenicity index 
term in the model. Due to small numbers in some of the categories after stratification, 
these analyses were based on the dichotomised index items, as described previously. 
In further analyses, BMI at follow-up was modelled as a function of baseline 
obesogenicity score using GEE.  All models using follow-up BMI adjusted for age and 
BMI at baseline. The fully adjusted models included country of birth, level of education, 
urban/rural residence, and illness at follow-up, as in the models for BMI at baseline. 
 
Results 
Characteristics of the study sample are shown in Table 2. At enrollment, the mean 
(SD) age of women included in cross-sectional analyses (n=3786) was 34.7 (8.2) years, 
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and the mean (SD) BMI was 26.0 (6.1) kg/m2.  Most women were born in Australia 
(89%) and were married or in a committed relationship (65%). With respect to 
education, half had completed high school or earned a trade certificate or diploma, 
while 26% had completed education at a tertiary level.  Women included in longitudinal 
analyses tended to be older, were more likely to be married and to live in rural 
neighbourhoods, and were less likely to smoke, although mean BMI at baseline was not 
different. 
Associations with BMI at baseline and at three-year follow-up for total obesogenicity 
score, the three domains (food resources, recreational activity resources, and 
walkability), and for each of the nine index items are shown in Table 3. Obesogenicity 
score was not associated with BMI, nor were scores for the three domains. In cross-
sectional models adjusting for age only, the number of green grocers and 
neighbourhood safety were associated with baseline BMI (not shown), but these 
associations did not persist and were no longer statistically significant in fully adjusted 
models. Analyses using dichotomous index items yielded similar results to the three-
category variables (not shown). Results were also not meaningfully different when the 
total obesogenicity score was modelled as a continuous variable, a dichotomous 
variable, or as approximate tertiles or quartiles, or when different buffer sizes (0.8km 
and 3km) were used. From longitudinal models, it appeared that lower neighbourhood 
safety may be associated with lower BMI (p=0.05). 
Urban/rural residence emerged as a possible moderator of associations between 
neighbourhood obesogenicity and baseline BMI (Table 4). In stratified analyses, 
neighbourhood obesogenicity generally showed positive associations with BMI in urban 
areas but inverse associations in rural areas. Among urban participants, each one-point 
increment in obesogenicity score (based on dichotomous index items) was associated 
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with a 0.12kg/m2 higher BMI among urban participants, and each one-point increment 
in obesogenicity with respect to food resources was associated with a 0.36kg/m2 
increase in BMI (interaction p<0.05 for both). These associations appeared to be due in 
part to differences between urban and rural areas in associations with having no green 
grocers and no pools (Table 4). For both of these, absence of the resource was 
associated with higher BMI in urban but lower BMI in rural suburbs, although the p-
values for the interaction were not statistically significant. A similar pattern of positive 
associations in urban suburbs and inverse associations in rural suburbs was apparent 
for having 1 fast food restaurants and having no gyms. The difference in association of 
BMI with walkability score between urban and rural suburbs appeared to be largely due 
to an inverse association between fewer 4+ leg intersections and BMI in rural suburbs. 
 
Discussion 
We developed a novel index to represent neighbourhood obesogenicity, taking into 
consideration several aspects of the built environment that are conceptually related to 
weight-related behaviours and risk for obesity. In our sample of women living in 
socioeconomically disadvantaged areas, the neighbourhood characteristics we 
examined did not emerge as important correlates of BMI at baseline or at follow-up, 
either alone or in combination, in the sample overall. However, we were able to discern 
differences in association between urban and rural suburbs, with index items more 
likely to be positively associated with BMI among urban participants but inversely 
associated with BMI among rural participants. 
Few studies have examined aggregate indicators of neighbourhood obesogenicity.  
Thornton and Kavanagh (Thornton and Kavanagh, 2012) developed a Food 
Environment Score to quantify the effects of healthy and unhealthy food resources and 
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found their combined scores to be associated with frequency of fast food purchasing.  
Frank et al. (Frank et al., 2012) considered walkability, presence and quality of parks, 
density of fast-food restaurants, and distance to supermarkets to create empirical 
measures of physical activity and nutrition environments. In an application of this, 
Saelens et al. (Saelens et al., 2012) found that children from neighbourhoods high on 
both environment measures were less likely to be obese than children from 
neighbourhoods low on both measures, and a similar tendency was observed for their 
parents. In another example of empirically derived measures combining different 
neighbourhood aspects, Wall et al. (Wall et al., 2012) used factor analysis to create 
composite scores for five factors representing closely correlated neighbourhood 
characteristics potentially related to obesity: away-from-home food and recreation 
accessibility, community disadvantage, green space, retail/transit density, and 
supermarket accessibility. Of these, away-from-home food and recreation accessibility 
and community disadvantage were associated with BMI in adolescent girls.   
Like these previous composite measures, our obesogenicity index was based on 
neighbourhood aspects related to food resources, physical activity, and active transport, 
all selected based on evidence in the literature. In contrast to prior work, our index was 
developed to quantify the aggregate obesogenicity of an environment considering all 
these different aspects, to be general enough to apply to other settings, and to facilitate 
comparisons across studies and populations.   
While neighbourhood obesogenicity as represented by the index was unrelated to 
BMI in the sample overall, the measures were more likely to be associated with BMI in 
the expected direction in urban neighbourhoods. These results suggest that the 
obesogenicity index might be more applicable in urban than in rural settings. For 
example, lack of green grocers might limit access to fresh produce in urban areas, but 
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rural residents might have access to other sources of fresh produce; presence of a fast 
food restaurant might facilitate fast food consumption in urban areas more so than in 
rural areas, where they might cater to visitors more than to residents (Ahern et al., 
2011); and while absence of gyms or pools might limit opportunities for activity in 
urban areas, rural areas might offer opportunities for recreational activity beyond the 
use of such facilities.  
In rural neighbourhoods, some unexpected findings might also reflect differences 
among residents themselves. For example, rural neighbourhoods that lack a green 
grocer or that have relatively few 4+ leg intersections might be more rural, and 
residents of these areas might be more physically active than residents of somewhat 
less rural areas. Thus, although our analyses showed clear differences in environmental 
characteristics between urban and rural neighbourhoods, the implications for 
understanding the differences between urban vs. rural settings are unclear. While some 
work has shown that such aspects of the environment as access to recreational facilities 
(Ahern et al., 2011; Boehmer et al., 2006) and supermarkets (Liu et al., 2007) or 
perceived safety and aesthetics (Cleland et al., 2014) are associated with physical 
activity in rural residents, further exploration of environmental characteristics that are 
obesogenic in rural settings is warranted. 
Among the limitations of our study is the possibility of insufficient variability with 
respect to exposure, since the sample included only residents in the most 
socioeconomically disadvantaged neighbourhoods. Our analyses, however, showed 
reasonable variability in the index items, and in obesogenicity scores. A focus on only 
residents in socioeconomically disadvantaged neighbourhoods may limit 
generalisability of our findings, but this population may also be especially vulnerable to 
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the circumstances of their neighbourhoods and as such is an informative basis for the 
development and evaluation of an obesogenicity index. 
Our longitudinal analysis was limited by differential attenuation of the sample over 
the follow-up; this is a possible explanation for the suggestive inverse association 
between neighbourhood safety and BMI in these analyses, if participants in areas of 
lower perceived safety but higher risk for weight gain were differentially lost to follow-
up.  The longitudinal analysis was also limited by reliance on obesogenicity index scores 
determined at baseline despite the likelihood of changes in environmental 
characteristics over time. 
Other limitations relate to the index. First, the individual items themselves have 
complex associations with obesity. For example, supermarkets can be sources not only 
of fruits and vegetables but also of empty calorie foods (Cameron et al., 2013).  Presence 
of a gym or pool also does not guarantee its availability as a resource if it is open only to 
private members.  More detailed measures of food and physical activity resources might 
have considered the quality and cost of foods and recreational facilities. Secondly, our 
index was not weighted according to environmental features anticipated to be more 
strongly associated with individual BMI. However, as the literature is inconsistent about 
the strength of each of these measures, we felt a simple scale would provide a useful 
and transparent first step in creating an index of this type. Our index also did not 
include a more direct measure of land use mix such as entropy (Feng et al., 2009), which 
might have improved the measures of walkability that we used, which were based on 
street connectivity and perceived (rather than objective measures of) walking 
environment and safety.  
A 2km buffer around a person’s residence to represent her ‘environment’ is 
somewhat arbitrary, but additional analyses using 0.8 and 3km buffers produced 
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similar results (not shown). For variables measured at the neighbourhood level rather 
than within a buffer, individuals living near neighbourhood boundaries might be more 
exposed to characteristics of the adjacent neighbourhood (e.g., green space, reported 
walking environment, or perceived safety) than to their own. The administratively 
defined neighbourhoods themselves also exhibited substantial variability, as each of the 
80 neighbourhoods included in the READI cohort had participants with household 
incomes ranging from <$26,000AUD/year to >$78,000AUD/year.  
Also possible is that the residential environment is less important than a person’s 
activity space, representing all the locations visited by an individual within a specified 
period (Thornton et al., 2011). As individuals likely do not limit their food acquisition 
and physical activity to their immediate residential environment, measures based on 
residence may not fully capture the person’s resources or exposures (Thornton et al., 
2013).  Other work points to the potential importance of overall neighborhood 
development to individual obesity risk through more complex pathways (Bader et al., 
2013). 
Other factors at the individual level may be more important predictors of intake in 
this group. Individual attitudes, values, motivation, and social support might not only 
impact obesity risk directly, but may also influence individual interactions with the 
environment, thereby altering the influence of environment on individual BMI (Brug et 
al., 2008; Kremers et al., 2006).  Interactions between individuals and their 
environments have yet to be fully investigated and understood but have substantial 
implications for clarifying associations between environmental characteristics and 
obesity risk. 
These analyses serve as a first step towards identifying the primary, built 
environment characteristics that determine a neighbourhood’s ‘obesogenicity,’ and 
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combining these dimensions into an aggregate index.  A composite index allows for 
quantification of the collective effects of neighbourhood resources that affect individual 
dietary and activity behaviours.  A next step, however, is to improve current measures 
of neighbourhood obesogenicity, by clarifying the specific, key environmental factors 
linked to obesity, ascertaining the relevance of these factors in different settings, and 
determining at what ‘dose’ and mix these features become influential, either positively 
or negatively. Ideally, the composite index should use theory-based, objective 
assessments of resources and exposures with respect to the food and recreational 
activity environments and walkability; it should be easily adopted in other research 
studies and thus serve as a tool to facilitate comparability across studies; and it should 
be transparent enough to allow for examination of the relative importance of its specific 
components for purposes of intervening and understanding mechanisms.  Findings 
from the current analysis reflect the complexity of capturing the many aspects of the 
neighbourhood obesogenicity and examining their collective effects on behaviour and 
health. 
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Table 1. Items included in obesogenicity index and distribution for each item among 
baseline sample (n=3786). 
Index item coding 
Category 
cutpoints 
% in each 
category 
Mean (SD) for 
each domain and 
for total score 
Range 
Food resources   2.6 (1.1) 0-6 
# chain supermarkets a     
0 2 49   
1 1 29   
2 0 22   
# green grocers a     
0 2 28   
1 1 27   
2 0 45   
# fast food restaurants a     
0 0 54   
1 1-2 22   
2 3 24   
Recreational activity resources   4.1 (1.3) 0-6 
# gyms a     
0 2   6   
1 1 18   
2 0 76   
# pools a     
0 2 10   
1 1 40   
2 0 50   
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Park space (km2) b     
0 1.0 38   
1 0.2-<1.0 28   
2 <0.2 33   
Walkability   2.8 (1.5) 0-6 
# 4+ leg intersections a     
0 35 49   
1 20 – 35 23   
2 <20 28   
Neighbourhood walking 
environment score c 
    
0 3.8 30   
1 3.5-<3.8 48   
2 <3.5 21   
Neighbourhood safety score c     
0 3.58 31   
1 3.15-
<3.58 
29   
2 <3.15 41   
Obesogenicity score   9.5 (2.8) 3-17 
a Number within 2km buffer. 
b Quantified at suburb level. 
c Quantified at suburb level by averaging responses from all participants within a given 
suburb, excluding the individual respondent. Neighbourhood walking environment 
score was based on participant responses to seven questions and neighbourhood safety 
score was based on participant responses to three questions, all originally derived from 
Mujahid et al. (Mujahid et al., 2007). 
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Table 2. Descriptive characteristics at baseline of participants included in baseline 
cross-sectional (n=3786) and longitudinal (n=1542) analyses. 
 Baseline 
(n=3786)a 
Follow-up 
(n=1542)b 
 Mean (SD) 
Age (y)  34.7 (8.2) 36.4 (7.7) 
BMI (kg/m2)  26.0 (6.1) 26.1 (6.0) 
 % 
Born outside Australia 11 8 
Marital status   
   Married / committed relationship 65 71 
   Never married 26 21 
   Separated / divorced / widowed 9 8 
Level of education   
   Did not complete high school 22 22 
   Completed high school / trade certificate / diploma 51 49 
   Completed tertiary education 26 29 
Weekly household income   
   <=$499 13 11 
   $500-$699 15 14 
   $700-$999 23 24 
   $1000-$1499 25 25 
   $1500+ 25 26 
Urban suburb 46 40 
Smoking status   
   Never smoked 50 52 
   Used to smoke 24 27 
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   Smoke occasionally or regularly 25 21 
Reached menopause   
   No 92 92 
   Yes 3 3 
   Don’t know 5 4 
Number of children in household   
   0 39 35 
   1 18 18 
   2 26 28 
   3+ 17 19 
Illness reported at baseline c 11 11 
a Due to missing data, n=3778 for marital status, n=2689 for household income, n=3783 
for smoking status, n=3780 for menopausal status, n=3724 for number of children in 
household at baseline. 
b Due to missing data, n=1541 for marital status, n=1183 for household income, n=1541 
for menopausal status, n=1528 for number of children in household at 3-year follow-up. 
c Illness was measured with the question, “Do you have a serious illness, long-term 
injury or disability that prevents you from being physically active?’ 
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Table 3. Adjusted parameter estimates for obesogenicity scores and individual index 
items in generalised estimating equation models with baseline and 3-year follow-up 
BMI as outcome. 
 Baseline BMI 
(n=3786) 
Follow-up BMI 
(n=1542) 
 
Coefficient a 
(SE) 
p-value Coefficient b 
(SE) 
p-value 
Obesogenicity 
score 
    
   Total score 0.03 (0.04) 0.58 -0.003 (0.02) 0.91 
   Food resources 0.09 (0.09) 0.32 0.01 (0.05) 0.83 
   Recreational 
      activity 
      resources 
0.03 (0.10) 0.74 0.005 (0.05) 0.92 
   Walkability 0.02 (0.08) 0.80 -0.05 (0.04) 0.25 
Individual index 
items 
    
# chain 
supermarkets c 
 0.30  0.89 
2 Ref  Ref  
1 0.30 (0.26)  -0.003 (0.15)  
0 -0.17 (0.29)  -0.08 (0.17)  
# green grocers c  0.08  0.18 
2 Ref  Ref  
1 0.65 (0.29)  0.44 (0.24)  
0 0.52 (0.31)  0.33 (0.19)  
# fast food 
restaurants c 
 0.92  0.71 
0 Ref  Ref  
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1-2 -0.03 (0.32)  -0.13 (0.16)  
3 0.11 (0.33)  -0.09 (0.18)  
# gyms c  0.51  0.77 
2 Ref  Ref  
1 0.76 (0.57)  0.11 (0.40)  
0 0.77 (0.52)  0.004 (0.41)  
# pools c  0.71  0.48 
2 Ref  Ref  
1 -0.32 (0.40)  -0.23 (0.20)  
0 -0.23 (0.44)  -0.25 (0.21)  
Park space (km2) d  0.94  0.29 
1.0 Ref  Ref  
0.2-<1.0 0.11 (0.30)  0.28 (0.18)  
<0.2 0.02 (0.27)  0.19 (0.17)  
# 4+ leg 
intersections c 
 0.27  0.79 
35 Ref  Ref  
20 – 35 -0.12 (0.26)  -0.09 (0.17)  
<20 -0.44 (0.26)  -0.09 (0.14)  
Neighbourhood 
walking 
environment score e 
 0.16  0.73 
3.8 Ref  Ref  
3.5-<3.8 0.30 (0.30)  -0.11 (0.15)  
<3.5 0.75 (0.36)  -0.006 (0.22)  
Neighbourhood 
safety score e 
 0.19  0.05 
3.58 Ref  Ref  
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3.15-<3.58 0.51 (0.28)  -0.39 (0.15)  
<3.15 0.30 (0.35)  -0.21 (0.22)  
a Adjusted for age at baseline, country of birth, education, urban/rural, and illness at 
baseline. 
b Adjusted for age at baseline, BMI at baseline, country of birth, education, urban/rural, 
and illness at follow-up. 
c Number within 2km buffer. 
d Quantified at suburb level. 
e Quantified at suburb level by averaging responses from all participants within a given 
suburb, excluding the individual respondent. Neighbourhood walking environment 
score was based on participant responses to seven questions and neighbourhood safety 
score was based on participant responses to three questions, all originally derived from 
Mujahid et al. (Mujahid et al., 2007). 
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Table 4. Adjusteda parameter estimates for obesogenicity index in generalised estimating equation models with baseline BMI as 
outcome, stratified on urban or rural suburb. 
 Urban 
(n=1750) 
Rural 
(n=2036) 
Interaction 
p-value 
 Mean (SD) Coefficient 
(SE) 
p-value Mean (SD) Coefficient 
(SE) 
p-value  
Obesogenicity scoreb        
   Total score 3.5 (1.5) 0.12 (0.06) 0.11 3.1 (1.6) -0.04 (0.05) 0.48 0.02 
   Food resources 1.2 (0.6) 0.36 (0.22) 0.14 1.1 (0.7) -0.27 (0.18) 0.14 0.03 
   Recreational activity 
   resources 
1.7 (1.0) 0.16 (0.15) 0.28 1.6 (0.8) -0.16 (0.21) 0.73 0.47 
   Walkability 1.4 (0.8) 0.18 (0.18) 0.33 0.5 (0.6) -0.36 (0.27) 0.17 0.13 
Individual index items %   %    
 No chain supermarkets 16 -0.29 (0.45) 0.56 26 -0.35 (0.34) 0.30 0.83 
 No green grocers 32 0.59 (0.35) 0.12 56 -0.19 (0.30) 0.53 0.09 
 1 fast food restaurants 69 0.26 (0.37) 0.50 27 -0.17 (0.41) 0.68 0.49 
 No gyms 60 0.31 (0.31) 0.34 90 -0.16 (0.53) 0.77 0.51 
 No pools 61 0.55 (0.32) 0.09 40 -0.40 (0.36) 0.27 0.07 
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 <0.2 km2 park space 44 -0.24 (0.36) 0.47 24 0.17 (0.35) 0.45 0.37 
 <20 4+ leg 
intersections 
16 -0.05 (0.40) 0.90 39 -0.55 (0.32) 0.09 0.37 
Neighbourhood walking 
environment score <3.5 
40 0.61 (0.32) 0.08 5 0.48 (0.12) 0.20 0.94 
Neighbourhood safety 
score <3.15 
86 -0.08 (0.31) 0.80 2 0.03 (0.16) 0.86 0.72 
a Adjusted for age, country of birth, education, and illness at baseline 
b Based on dichotomous index items 
 
 
